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ABSTRACT 
Food packaging industry is competitive in nature, with growth driven by the increasing new ... 
product introductions to keep the food fresh for longer periods. In Malaysia, 
demand for food packaging product continues to rise from native consumers as well as around 
the world due to its necessity to ensure food safety, minimize food wastage and make the food 
handling easier. It is therefore necessary for the manufacturers of plastic food packages to do 
a production planning in order to meet their customer's requirement by producing the right 
amount of best quality product within a specified time. Today, most sectors have taken the 
opportunity to adopt simulation-based modelling technique in their operation to improve. 
productivity efficiency while reaching their business target, especially for the manufacturing 
industry. Key performance indicators (KPis) such as cycle time and quantity may able to 
indicate the effectiveness in a manufacturing system. Hence, this work focuses on examining 
the variable factors influencing the manufacturing system of food packages using a simulation- 
based modelling approach. The conceptual model of system must be verified to ensure the 
arrangement accuracy of modules used. Furthermore, the simulation model also needs to be 
verified and validated to ensure its mimic the real system. Based on the bottleneck analysis 
from the basic simulation model, the variable factors including quantity ofraw materials, setup 
time of extruder and setup time of forming system are selected for this study. Statistical design 
of experiment (DOE) is applied for identifying the effect of factors influencing the production 
cycle time and quantity of food packages manufacturing system. Plus, analysis of variance 
(ANOVA) is used to assess the main effects of factors and their interactions, whether or not 
they are significant. In addition, the sensitivity analysis is performed to determine the effect of 
parameter values changes in factors towards the production cycle time and quantity. Finally, 
some suggestions on improving the productivity performance of manufacturing system for 
food packages are proposed in the study. 
ii 
ABSTRAJ( 
Industri pembungkusan makanan bersifat kompetitif, dengan pertumbuhan didorong oleh 
peningkatan pengenalan produk baru untuk memastikan makanan segar untuk jangka masa 
sp 
yang lebih lama. Di Malaysia, permintaan untuk produk bekas makanan terus meningkat dari 
pengguna asli dan juga di seluruh dunia kerana keperluannya untuk memastikan keselamatan 
makanan, meminimumkan pembaziran makanan dan menjadikan pengendalian makanan lebih 
mudah. Oleh itu, pengilang bekas makanan plastik perlu membuat perancangan pengeluaran 
untuk memenuhi kehendak pelanggan mereka dengan menghasilkan jumlah produk berkualiti 
terbaik yang tepat dalam masa yang ditentukan. Hari ini, kebanyakan sektor telah mengmnbil 
kesempatan untuk mengadopsi teknik pemodelan berdasarkan simulasi dalam operasi mereka 
untuk meningkatkan kecekapan produktivitas sambil mencapai sasaran bisnis mereka, 
terutama untuk industri pembuatan. Petunjuk-petunjuk prestasi utama (KPI) seperti kitaran 
masa dan kuantiti mungkin dapat menunjukkan keberkesanan dalam sistem peinbuatan. Oleh 
itu, karya ini memberi tumpuan terhadap mengkaji faktor pemboleh ubah yang mempengaruhi 
sistem pembuatan bekas makanan menggunakan pendekatan pemodelan berasaskan simulasi. 
Model konsep sistem mesti diverifikasi untuk memastikan ketepatan susunan modul yang 
digunakan. Selanjutnya, model simulasi juga perlu diverifikasi dan divalidasi untuk 
memastikannya meniru sistem sebenar. Berdasarkan analisis "bottleneck" dari model simulasi 
asas, faktor pemboleh ubah termasuk kuantiti bahan mentah, masa persediaan penyemperit 
dan masa persediaan mesin pembentuk dipilih untuk kajian ini. Statistik reka bentuk uji kaji 
(DoE) digunakan untuk mengenal pasti kesan faktor yang mempengaruhi masa kitaran dan 
kuantiti pengeluaran sistem pembuatan bungkusan makanan. Selain itu, analisis varians 
(ANOVA) digunakan untuk menilai kesan utama faktor dan interaksi mereka, sama ada 
signifikan atau tidak. Di samping itu, analisis sensitiviti dilakukan untuk menentukan kesan 
perubahan nilai parameter dalam faktor terhadap kitaran masa dan kuantiti pengeluaran. 
Akhir sekali, beberapa cadangan untuk meningkatkan prestasi produktiviti sistem pembuatan 
bekas makanan dicadangkan dalam kajian ini. 
iii 
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Food packages come in a variety of shapes, types and sizes made of materials such as 
plastic, paper, glass, metal and a combination of materials that may be rigid, semi-rigid or 
flexible (Srivastava, Kumar & Singh, 2018). The food packages manufacturing industry is 
competitive in nature, with growth driven by the increasing new product introductions to keep 
the food fresh for longer periods of time. Kour et al. (2013) have conducted a study showing 
that food and beverages are the major commercial packaged product that make up 55% to 65% 
of the $130 billion of packaging in the United States. In the context of food packaging industry 
in Malaysia, Mordor Intelligence (2019) reported that as the food and beverage industry in 
Malaysia is growing rapidly, characterized by a large export market, the demand for plastic 
packaging for food and beverages has grown gradually over the years. This is expected to have 
a positive impact over the forecast period on the growth of the global food packaging industry. 
Therefore, there is no doubt that the manufacture of food packages has become the largest 
sector within the packaging industry, which is the third largest industry in the world. 
A study made by Parmenter (2015) indicates that key performance indicators (KP Is) 
are the kind of indicators that focuses on the aspects of organizational performance, that is the 
most critical for the organisations current and future success. There are three key measures 
need to be considered to measure the line performance of a food packages production system 
which are the quality, availability and production rate (van Leer, 2014). According to a research 
by Mahalik and N ambiar (2010), manufacturers in this sector are usually faced with strict 
regulations in view of their increased enviromnental and consumer health impact. Moreover, 
the research notes that the food packaging manufacturers must deal with products that have 
1 
very limited shelf life and thus make it essential to try to reduce lead times as much as possible. 
For those reasons, manufacturers need to ensure modern and safe packaging for the food and 
beverage industry. 
Since plastics have emerged as the preferred choice for food packaging products, the 
thermoforming process is commonly used in the manufacture of food packaging. The 
thermoformed packaging includes different container types for food applications such as pots, 
tubes, cups, trays and blister packs. Thermoforming is referred to the process where heat and 
pressure are used to transform thermoplastic sheets into a new shape over a mould (Junk, 
Simann-Sun, & Niederhofer, 2010). Researchers have studied the general manufacturing 
process of thennoformed packaging used for the food applications and claimed that 
thermoforming process is considered a secondary process in the plastics industry as it is first 
necessary to create the input materials, plastics sheet by extrusion (Riley, 2012; Throne, 2017). 
Hence, the fundamental process of thermoforming is in the sequence of sheet extrusion, heating 
the sheet, forming the pack by stretching the sheet, cooling, trimming and often stacking the 
individual units before packing (de Oliveira Leite, Rubio, Cabrera, Carrasco & Hanafi, 2018; 
Riley, 2012; Throne, 2017; Yam, 2010). 
Generally, there are two approaches can be used to model a manufacturing system 
which are analytical models and simulation models. Simulation basically allows people to test 
hypothesis, model and forecasting performance of the real systems before developing costly 
implementation. In the literatures, several reviews illustrated their related studies in solving 
strategic and operational issues using simulation approach. Furthermore, there are also existing 
., 
paper that proved analytical method can be used to investigate the productivity performance 
due to specific factors in the production of food packages. Simulation is also broadly 
recognized as powerful tools for the researches to design and analyse operation systems in 
many industries such as automotive, hospitality, paint, food, leather and metal fabrication 
industry Thus, the importance of researching food packages production would benefit from 
using the simulation method to boost the efficiency of its productivity. 
2 
1.2 Problem Statement and Research Gap 
The problem that want to be studied by the author is based on her personal experience 
at a food packages manufacturing company that is known as the case company in this study. 
This aims to improve the productivity performance of the case company specifically in the 
terms of production cycle time and production quantity. Throughout the observation at the 
factory, the performance of the food packages production system is majorly impacted by the 
\e' 
factors of mixing time, sheet rejection, downtime of trimming machine, quantity of raw 
materials, setup time of extruder and setup time of forming machine. 
The production cycle time to manufacture 3 products may be affected by the mixing 
time for each masterbatch as longer processing time will contribute to more production cycle 
time to produce the products. Indeed, this consequently reduced the product quantity produced. 
Besides that, the higher percentage of sheet rejection can cause the production quantity to be 
low. Other than that, the downtime of trimming machine will slow down the processing time 
and then as well as affect the overall production cycle time and thus lead to low output quantity. 
Moreover, if the quantity of raw materials that arrived is below than the average, the 
product output is reduced. However, if there is excess quantity arrived, it may cause queues to 
happen in intermediate process. Meanwhile, when more time needed for the extruder setup 
time, it could cause the waiting time increase and then resulting in higher production cycle 
time. Finally, the factor of the setup time of forming machine can lead to more production cycle 
time and low production quantity as there is delay occur. 
Generally speaking, it is found that the factors (i.e. mixing time, sheet rejection, 
downtime of trimming machine, setup time of extruder and setup time of forming machine) are 
not well researched compared to the several factors often discussed in the existing literatures. 
In this research, the review of literatures in Chapter 2 shows that the most widely discussed 
variable factors are usually the manufacturing time, worker shortages, material selection, low 
utilization, and operational expenses. Additionally, while simulations are being popular in 
other manufacturing industries, studies on food packages production are still unpopular, 
however. Hence, this study is conducted using simulation approach to evaluate the respective 
factors observed in the case study firm. 
3 
Those factors would be described as the variable factors influencing the performance 
of food packaging production from this point onwards. In order to fulfil the validation purpose 
of this study, the variable factors such as the mixing time, sheet rejection and downtime of 
trimming machine are being applied. In the meantime, the variable factors used to attain the 
experimentation purpose of this study are the quantity of raw materials, setup time of extruder 
and also setup time of forming machine. 
1.3 Research Questions 
The present research framework intends to address the following research questions which 
the author will explore in full depth throughout the paper: 
1. What are the techniques for studying food packages manufacturing system and their 
performance without interrupting the actual production process? 
u. What are the effects of variable factors (mixing time, sheet rejection and downtime of 
trimming machine) on the production cycle time and production quantity of food 
packages manufacturing system? 
111. Which of the variable factors ( quantity of raw materials, setup time of extruder and 
downtime of forming machine) and their combinations have significant effect on the 
cycle time and production quantity of food packages manufacturing system? 
1.4 Objectives and Scope of Study 
» 
The study is limited only to major factors found in the case company, as well as the 
methodology for the simulation and analysis of the food package manufacturing process. The 
key objective of this study is therefore to design and analyse the variable factors affecting food 
packages manufacturing system using simulation technique. The scope of the study is to focus 
solely on the analysis and also to suggest improvements in the performance of the case 
company. Specifically, the objectives of the study are outlined as follows: 
1. To develop and verify the conceptual model of food packages manufacturing 
system. 
11. To develop, verify and validate the simulation model of food packages 
manufacturing system. 
4 
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111. To analyse and suggest improvements on the performance of production cycle 
time and quantity by considering the variable factors (i.e. quantity of raw 
materials, setup time of extruder and setup time of forming machine) that 
affecting the food packages manufacturing system. 
1.5 Project Significances 
The study on simulation modelling and analysis of the food packages production system 
is significance in the following ways: 
1. Development of a conceptual model of food packages manufacturing system that 
considers variable factors that affect the performance of food packages 
manufacturing system. 
11. Development of a simulation model that considers variable factors that affect the 
performance of food packages manufacturing system. 
iii. Analysis and suggestion of improvements on the performance of production cycle 
time and quantity that considers variable factors affecting the food packages 
manufacturing system. 
1.6 Organization of Thesis 
Chapter 1 provides an introduction to the field of study. This chapter addresses the 
inspiration of the food packaging industry including the challenges facing the industry, the 
., 
general food packaging manufacturing process and the application of simulation model 
globally. There are total of six variable factors influencing the process of producing food 
packages in relation to the production cycle time and quantity which are sheet rejection, mixing 
time, downtime of trimming machine, quantity of raw materials, setup time of extruder and 
setup time of forming machine. 
Next, Chapter 2 covers more specific information on the general process involved in 
producing food packages for better understanding. In addition, the current survey of related 
study is being reviewed and the definition of problem is thoroughly elaborated. This chapter 
has also discussed the essential roles of simulation modelling in term of its concept, objective, 
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advantages and disadvantages. Besides, the review on simulation project life-cycle and analysis 
of variance (ANO VA) are presented too by the chapter. 
Subsequently, the focus of Chapter 3 is on the simulation methodology used for the 
study. There is a conceptual model of food packages production system built in the 
development of the simulation model component after identifying the control variables and the 
challenges faced. The student version of Arena Simulation software by Rockwell Automation 
" is used to create the simulation model for the analysis. Each of the coding used to model the 
simulation is described based on the data collection from the case company. Verification and 
validation, the two essential processes are also presented in this chapter to execute the 
simulation model. 
Chapter 4 dives deeper into the discussion on the experimental results obtained from 
the simulation model. In this chapter, there are total of twelve graphs for experimentation are 
done and its trend will be discussed with respect to the three critical factors on the K.Pls which 
are the production cycle time and quantity. The factorial ANOV A for the main and interaction 
effects are evaluated to see which factor gives the significant effect on the KPIs. Then, the 
sensitivity analysis of the productivity performance with respect to the value changes of system 
variables is examined too. 
Finally, Chapter 5 will wrap up the overall obtained outcome. This chapter gives 
conclusion on the development of conceptual model and simulation model for the production 
system of food packages. Besides, the summary for the performance of production system is 
analyzed based on the experimental results and some improvements are suggested to enhance 
its efficiency. Last but not least, the research limitations and some recommendations for 
enhancing further analysis are proposed toward the end ofthis study. 
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